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Introduction 

Environment Ontario holde its annual Technology Transfer 
Conference to report and publicize the progress made on 

Ontario Universities and by private research organizations 
ana corapa n i as , 

The papers presented at Technology Transfer Conference 1998 
are published In five volumes of conference Proceedings 
corresponding to the following sessions t 



SESSION A: 
SESSIOH B: 
SESSION C: 
SESSION D: 
SESSION E: 



AIR QUALITY RESEARCH 

MATER QUALITY RESEARCH 

LIQUID AND SOLID HASTE RESEARCH 

ANALYTICAL METHODS 

ENVIRONMENTAL ECONOMICS 



This volume is comprised of presentations given during 
Session A of the conference. 

for reference purposes, indices for sessions B,C,f> and E 
may be found at the back of this volume, listed in alpha- 
numeric order. 

For further Information on any of the papers, please 
contact either the authors or the Research and Technology 
Branch at (416) 323-4574 or 3J3-4571. cnnoiogy 
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The views and ideas expressed in these papers are those of 
the authors and do not necessarily reflect the views and 
policies of Environment Ontario, nor does mention of trade 
names or commercial products constitute endorsement or 
recommendation for use. 
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,rical Declina loda* Sating Syata- to Honitor Chang., in Trw 
Condition of Hardwood Foraat Spaclaa 



D.L. Mclaughlin. W.I. 6i*y». D.I. Corrig-n. V -D *""" J™> 

g.G. Pa.r.oo (Ontario Wni.try of th. Kn.iroo-.nt) and i. Arnup 

(Ecological Sarvica. for Planning Ltd.) 



Tha Probl.-: Sating tha haatth/daclin- .tatua of foiaat tr«M. 

Fora.t d.clin. ha. b.co« a ..riou. .nd contantiou. i.»u. in -any P«t. 
of th. world. Conif.rou. foraat. .r. aftaM in Europa, in part, of 
California and at high .l.vatien. in tha ■contain, of tha HI US 
(1.1.4,6.10,11) . To data no incidanc. of conif.rou. fora.t dacllna has 
baanraport.d in Canada. Ho«av.r. daclin. in Canadian d.clduou. fo«.t 
era. apaciaa. particularly augar -apt. {*o« aacth.ru. Mar.h) i. 
vida.praad in aouth.rn Qu.hac (3). Sacantly .ugar -apl* d.clin. ha. 
alao fan r.portad 1= Ontario, to . l.«.r a.t.nt in N.« Brun.wick, and 
.por.tically th. ME US <»)- taclio. of d.ctduou. traa. in Europa ha. 
.1.0 ba.o r.portad. although th. a.t.nt and ..v.rlty i. -arginal 
ralativ. to tha .ffact. obi.rv.d in th. conifaroua fora.t.. 

Thar. ar. pr.aantly -or. than 180 thaori.. on th. c.u... of for..t 

daclin. . which illu.tr.ta. tha co-pla»ity and hint, at th. 
cont.ntiou.u... of th. ph.no-anon (5). Bow.v«. r.gardl... of tha 
c.u..., .11 for.it d.clina apiaoda. h.v. a eo-on factor. Thl. factor 
i« th. datarioratlon of th. condition of individual «... 
Con.aqu.ntly, individual tr.a condition aa.aawant 1. r.qulrad to 
docu»nt th. ..v.rity of th. probl«. in .pacific location, or r.gion.. 
Most tr.. ..ting .y.t.-a .r. aubjactiv. and th. a.....-.nt p.ra-at.r. 
.r. broad. A co—on approach 1. to c.tagoriM tha dagra. of crow 
defoliation; a.g. «1«, IMrtW. I«-5«. and >5<*. Anoth.r 
fr.qu.ntly u.ad i.ting .y.ta. ...l*n. • nun-rid v.lu. to th. 
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tree which approximates I decline gradient; a.g. 1 to S or 1 to 10, 
usually with the lowest number equivalent to • tree with no symptoms 
and tha highest number representing a dead tree. 

The various rating systems are mostly qualitative, nondescriptive and 
have a relatively poor resolution. Therefore subtle changes In tree 
condition cannot be measured, thereby severely limiting tha value of 
the data for detecting trends. However, the greatest shortcoming is 
that the numerous different rating systems In use are not standardized 
making it Impossible to directly compare tha forest decline status 
between regions or countries. 

When the decision wes made in 1914 to Initiate deciduous tree decline 
studies In Ontario, it was considered Imperative that a rating system 
be developed which was quantitative, reproducabla , and had a 
narrow confidence interval within a large gradient so that subtle 
differences could be detected. A high resolution, quantitative rating 
system was necessary so that regional differences in Ontario a 
deciduous forest could be recognized and to facilitate accurate trend 
detection analysis. The method developed to rat* tha health/decline 
statu* of Ontario deciduous tresa was celled the Decline Index. 

How the Decline Index Vara* 

In Ontario the symptoms most often observed In declining sugar maple 
treea are dieback of tha fin* branch structure, pal* green or chlorstlc 
foliag*, and leaves which are distinctly undersized. These thre* 
descriptive crown parameters ara individually assessed and than 
combined in a weighted formula which yl*lds a numerical Decline Ind** 
(DI) value ranging from (a healthy tree with no aymptoms) to 100 (a 
dead tree). The DI formula It: 
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Dl - Dl ♦ (* « Ul) ♦ <i ■ ST) ♦ (* • SL/2) 

vhar* Dl * dec 1 in* index 

01 * par cant daad branches 

UL * par cant undersized leave* 

ST » per cast strong chlorosis 

SL ■ per cent dlgbt chloraii* 

a - (100 - DBj/400 

Lanlnated field asaeasaAnc teaplata* war* prepared which illustrate a 
sariaa of deciduous tree crown ailouettea la 10X decline gradient* 
(I.*.. 0t full crown, 101 defoliation, 201 defoliation ... loot 
defoliation or daad tree crown). On the ravers* aide of the teaplata 
ara three aeries of colour chips. Each of the the three series 
contains 6 chips chosen to illustrate the range of foliar colour 
encountered in sugar maple In Ontario. On* sariaa represents noraal 
green foliage, the second represents pale green or slightly chlorotic 
foliage and the third sariaa illustrates the colour range conaldarad to 
be strongly chlorotic. 

With the assistance of the prepared silouattai on the laalnatad field 
teaplata an evaluator who has been trained in the recognition of 
typical decline ayaptoa* in Ontario, subjectively astiaatea, to the 
nearest louche aaount of crown branch dieback, alight and strong 
chlorosis and under sided leaves. This Intonation la recorded on a 
tally sheet and the data is later transcribed to a spreadsheet file 
where the Dl is automatically calculated. 

Tabla 1 ausaaarlxss the 01 for tan trees ranging in decline statu* froa 
healthy to severe. Id this axaapla data set haalthy tree* bed a 01 
ranging froa to 4, trees with light decline syaptcau had a Dl of 11 
to 13, aoderately declining sugar aapl* tree* ranged froa 22 to 25, 
severely declining tree* bad a 01 batwaea 40 and 45 and the Dl of very 
severely declining trees ranged froa 50 to 74. This axaapla data aet 
readily identifies the usefulness of the 01 aethod; vherees the 
division of tress into eablguoua decline class** based on a subjective 
**i*a*aaat is arguable (I.e. 1* the tree lightly aoderately or 



severely declining), the difference batwe.n the corresponding mm DI 
for each of these four classifications, (I.e. light ■ 12, .oderate ■ 
2U, nvirt « *3 and very severe » 62), It quantified. 

Tliii unpli date aet alio llluetrate* another Important component of 
th« DI MChod, that i», the foliar parameters in the Dt for.ula are 
weighted proportional to tha live crown. Therefore, trees with s 
relatively low percentage of branch diaback can bava an alavatad DI If 
a largo percentage of tba living crown la chlorotlc and tha follaga 
undersized. This la Important for two reasons; 1) foliar abnormalities 
ara usually an early warning of crown diaback and 2) foliar 
characteristic* usually cbang* wch quicker than branch structure. 
This add* an additional dagraa of senaltlvity to tha DI . Drawing again 
on tha axaapla data aat in Tabla 1, th* flrat thraa traaa all bava no 
crown branch dieback yat tba raaultant Dl'a ara 0, * and 11 
raapactlvaly. Tha dlffaranca la a progressive iacraaa* In tha 
parcantaga of foliar chlorosis and undersized laava*. Anothar example 
la tba laat two traaa In tba tabla, ona with 20X crown diaback and tba 
aacond with 601 crown diaback and raaultant Dl'a of 50 and 75 
raapactlvaly. Tha traa with only 101 crown diaback has a high DI 
bacauaa of tha foliar characteristic*. However, If the auhaequant 
growing saaaon waa favourable and tba poor foliar condition* ware not 
pathologically induced tba foliage would likely recover and th* DI tha 
fallowing year would than be such lower. Th* DI Bathod can identify 
ehl* rapid annual flueuatlon wbaraaa *ueh change* could go undetected 
or unqualified with aaaaesaeat awitbode whlcb uae only branch 
cbaracterlatica or elajply the preaanca or absence of foliage. 

Looks Good, but la It leptodueable? 

Although th. DI app-red to haw. th. attributa. da.lrad for the planned 
deciduous foraat .urv.y In Ontario it was still necessary to conduct a 
fiald trial to dater-in. if tba reting »tbod -.* reproduc.bla and to 
define eonfldanc. int.rval*. Tan traaa r.pr.e.ntlng a gradient of 
dacllo. fro. parfactly baeltbly to da.d war. sal.ct.d and ..,».. «l.llf 
nu-bered In woodlot a In eouthera Onterlo. Tba tan teat tree, ware 
acatterad throughout tba woodlot to suck an aztent that It waa 
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necessary to hava a flagging tapa trail to gat froai traa to tree. Tan 

people vara trained for aavaral houra la tha Identification of 
deciduous Craa decline symptoms a* they are uaed in tha DI methodology. 
They ware then provided with the DI field templates and proceeded to 
rata each of tha tan aiarkad tcaaa. Whan all tha trees had bean rated by 
each of tbe ewaluatora, tha traa Identification numbara ware changed 
and the rating sequence was repeated. Each of the tan traaa was rated 
by all evaluatota five times , tilth tha traa Identification numbara 
Changad between assessments. 

Tha tree auabsrs wars changad and the traaa apraad throughout the 
woodlot so that the avaluatora would not become familiar with 
individual trees and therefore bias their rating. 

A second set of five assessment run* waa conducted on tha ten taat 
trees with paired avaluatora. Two avaluatora discussed the rating 
parameters for each traa, agreed on one score, and filled In on* 
assessment form pat tree. Aa in tha flrat aerlea of assessment runs, 
tha tree identification numbers ware changed between tuna. The 
assessment teams ware altered between each of tha five paired 

assessment runs. 

Tha field trial yielded 75 DI values for each test tree. These data 
are summarized in Table 2. It clearly sbowa that the DI la 
raprodueabla , even with different avaluatora trained only for basic 
aymptom identification. It also indicates that the paired assessment 
provides a slightly batter resolution of dacllna gradient and in aost 
cases a narrower confidence interval. Tha 991 confidence interval for 
the aingle-avaluator assessment ranged from 2.2 to 5.2 whereas thai 
range waa 1.4 to 4.5 for the paired assessment. Similarly, tha 
coefficient of variation was lower with the paired assaasment for all 
but the healthiest tree with the lowest DI. The coefficient of 
variation waa inversely rated with DI. This la not aurpriaing because 
the proportional difference in the DI between individual evaluations la 
greater with healthier trees relative to treea in a mora advanced etaga 
of decline. For asampla, a healthy tree with a mean DI of * may have a 
range from 2 to 6, whereas a declining tree with a mean DI of 40 may 
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have ■ ring. fro. 35 to H. Proportlonat.ly tha variation .bout the 
Man ia .uch largar for th. h.altbi.r tr«. .van though th. abaoluta 

dlffetenco la Uss. 

Bav th* Declins Indax baa own umad in Ontario 

1) Sit* Specific Studiai 

Th. DI »thod for aaa.aslng hardwood traa condition h.a b.an u.ad at 

aalacted aitaa annually In th. Hu.kok. araa line. 1*84 and in th. 

P.t«rboro U gh ar.a .inc. 1985. Flgur. 1 i. a hi.togra. illu.ti.ting th. 

«. n annual Dl for th... two .r.ai fro. 1984 to 1988. Th.a. data 
indlcat. that fro. 1984 to 1987 th. condition of tha hardwood for.at 
at tha*. ait., waa gradually proving. How.«r [ in 1988, aa a raault 
of high aumaar tanp.ratur.a, drought and .arly a.a.on inaaet 
defoliation, th. for.at condition d.t.rlor.t.d .ignif icantly. L..at 
eignificanl diffar.nc. au.ly.ia vn. ua.d to conflr. that r.lativa to 
1984 th. appar.nt tr.. racov.ry and «ub..quant deterioration wara 
■tatlatleally .lgnificant. 

An examination of th. individual rating parawtar. r.v..l.d that th. 
incr.aa. in th. DI in 1988 wa. drivan by l.tg. p.rc.nt.g. incr..... In 
foliar chloroai. and >aill laaf .i» and not a. increase in branch 
dieb.ck. Thia would auggaat th. daterioretlon i. ta.por.ry and givan 
f.vour.bl. growing condition, in aubaaquant y.«« a r.cov.ry ia Hkaly. 
Tr.. rating ay.t.au, b.a.d .ol.ly on branch di.b.ck or defoliation 
■tatua would not hava detected th. 1988 .pi.od.. 

2) Provlnc. Wid. Surv.y 

Th. Dl waa th. primary ■ ■■ > -thod u»d in a provlnc. -id. 

hardwood d.cll» aurv.y conduced in 1986. On. huodr.d .«d t.n 
par..n.nt oba.rv.tion plot. w.r. ..t.bli.h.d acroa. th. Daciduou. 
Tor..t Hagio. of Ontario. E.ch plot cont.In.d 100 tr... g«.t.r than 
10 c. dia-atar at br.a.t h.ight. Th. Dt «.. c.lcul.t.d for a.ch traa 
and th. ...n DI waa d.t.r.ln.d for ..ch plot. Si. DI rang.. «« 
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• elected based on tha aean DI frequency dlitr Ibucion . Figure 2 was 
prepared illustrating each of- the 110 plot* aa ona of tha all DI 
classes. 

These data auggaatad a regional pattarn of traa condition across tha 
provlnea. Generally, tha ((verity and extent of decline was worse in 
tha south-west and tha north-central portion of tha rsnga of sugar 
saple in Ontario. In contrast a hand of low decline across 
south-central Ontario separated these two areas of higher decline. 
This pattern ia better illustrated by calculating tha sun DI of plots 
within nine recognized forest regions in tha Province (tee Figure 3). 
These foraat ragiona ace basad on aoil and cliutle parameters. Using 
Least significant difference analysis, tha awan Dl'a Id Figure 3 aniac 
ba diffarant by st least 4.7 to be statistically significant at p 
<0.01. Therefore tha apparent pattarn ia partially confirmed, that is 
tha daciduoua forest in tha north-central part of tha province is in 
fsct in poorer condition than tha south-central eras of Ontario. Tha 
other area of relatively high decline, tha south-wast, is not diffarant 
based on least significant difference analysis. However, using another 
statistical tasting procedure, IE-Beans Clustar analysis, tha plots In 
tha south-west, Ilka those In tha north, wars Boat frequently grouped 
aa high decline plots. 

Advantages of tha DI Hataod 



I. 
2. 
3. 

4, 

5. 



quantitative: - dascrlptiva statistics applicable 
Descriptive: - combines both foliar snd branch characteristics. 
High Resolution:- capable of distinguishing subtle changes across a 
wlda gradient. 

- tests tndicste scceptsble confidence Intervale. 

- Individual assessment paraaatars can ba changed 
to reflect regional syaptceu . 

- no specialised aqulpawnt and an efficien tly 
designed field ton yields rapid field 
assessment . 



laproducabia 
Flexible: 

Fast: 
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7. Non-spec i a Iliad 
fluid crawi : 



Meld CTMl can be trained quickly to identify 
■pacific decline syaptoas, do need to have 
forestry apaclallstl. 



Computet Co 
pa table ; 



- assessment data lands Itself to a 

spreadsheet- type handling cyitaa whara only the 
various decline parameters deed to ba recorded 
in the field and tha DI can ba automatically 
calculated, thereby reducing data handling tlae 
and related error and facilitating descriptive 
•tatistles. 
Standardization: - direct comparison between regions, states, 

provinces, countries ate. (providing asaaasment 
parameters have not been substantially 
altered) . 



Conclusion* 

Tha 01 method of assessing daclduoua tree decline has been used 
successfully in Ontario, laaalina data has been collected from a 
network of peraaflent observation plot*. Subsequent survey! using tha 
Dl method will enable forest managers to identify changes In tha 
condition of tha province's hardwood fotatt and praciaaly where and to 
what extent any change* have occurred. Tha ability to accurately 
quantify temporal and special changes la fotaat traa condition la a 
vital component of any *tudy Into tha affects of regional ataoipharle 
pollutant* or other stresses on a forest acosystsa 
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Table 1: 



A sample feild assessment form for 10 example trees ranging in condition 
from healthy to very severely declining. 



BacUia 

H>*Hf1 retire 


1 Cram 

Di aback 


L**f Colour 


Laif lin 


DaeUm 

ma«. 


Parvat 


Chlorotie 


■■■Hi 


1 Dnd*fBit»d 


» Iltijlit 


1 ilinlllnit 


— . •■ 





X 






X 







hMldir 







10 






10 


4 


li»r 







30 


10 




20 


11 


U*« 


10 




10 






10 


13 


-an. 


10 




30 


20 




20 


22 


■Dta.0 


20 




10 


10 




10 


25 


_ 


30 




10 


20 




30 


40 


MM* 


40 




10 


10 




20 


45 


— y — 


20 




20 


60 




80 


50 




60 




20 


40 




90 


74 



4k 
-J 




"I 



Table 2; 



Results of feild trials to test the Decline Index for reproducibility and to 
evaluate single and paired assessment. 



Tree No. t 
Condition 

t 


Singla 

(tears 
lecline Index 


Aeeeeas 

Ooeff. 

Var. 


■Hit* 

99% Con. 
Inter. 


Paired As 
Mean 
Decline Index 


Goeff. 
Vhr. 


991 Con. 
Inter. 


1. healthy 


7 


92% 


2.2 


2 


165% 


1.4 


2. healthy 


8 


B4% 


2.2 


B 


494 


l.B 


3. Light decline 


It 


70% 


3.2 


13 


35* 


2.3 


4. light decline 


IB 


59% 


3.6 


17 


54% 


4.5 


5. moderate decline 


IB 


£1% 


3.8 


21 


381 


4.0 


6. aoderate decline 


23 


£7% 


5.2 


23 


40% 


4.5 


7. moderate decline 


M 


4B% 


4.4 


26 


21% 


2.7 


*- severe decline 


29 


31% 


3.1 


32 


16% 


2.6 


9. severe decline 


41 


35% 


4.8 


45 


12% 


2.7 



. conducted by or 
50, 5 tine by 10 different people) . 



(total 



of asaeaamants par tree 



i oaduetea by 2 people ejej together filled in 
Um (total number of — f par tree - 25, 5 



times by 5 different 2-person 



Total 



of individual 



trial 



750. 
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YEAR 1984 - 1988 
MM • HUSKOKA TREE CONDITION 
O - PETERBOROUGH TREE CONDITION 



Figure li Mean annual Decline Index for test plots 
in the htoskoka and Peterborough areas of 
Oitario. LSD - Least Significant Difference. 
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Figure 2: Mean Decline Index of 110 permanent forest observation plots, assessed in 1986. 
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Figure 2: Mean 



Decline Index of 110 permanent forest observation plots, assessed in 1986. 
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figure 3: Mean Decline Index of 9 forest sections in Ontario, based on the 1986 
of 110 plots illustrated in Figure 2. 
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